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PBOVISIONAIj SPECIFICATION. 

11 Improvements la and relating to Screw Propellers »\ 

T The Honourable Ckaiuubs Aummt PiMONS, Bneineer, of Hea^ Works, 
Newiitle-oa-Tyae, in the Couatf of Northumberland, do hereby declare the 
nature of this, indention* to as follow*: — 

My invention relates, to aorew propellers for f ast ships, and. W^^M^S 
for dee where the ehaft rotates at high angular velocity. I by «pe«nent 
that cavitation arises principally in two places: (1) at the back face* of the 
blades near the tips; (2) around the cone abaft the propeller. 

The object of my invention is to remove or reduce rach cavitation. 
It has been established by experiment, by Dynes and others, that the normal 
pressure on a plane, move* at small inclinations through air « J' ™^ 
approximately as the angle of inclination, and the square of velocity of potion. 
*jtn a screw propeller of usual pitch ratio, say from 1 to 1.6 pitch ^- effi ****' 
the angle of inclination of the blade to the direction of motion through ik* 
water is approximately the same for such distances from the shaft line as lie 
15 outside two-fifths the radius of the propeller while the velocity at these points 
through the water varies approximately as the distance from the shaft. l<Vom 
this it follows that the pressure upok the *ater of any element oj : the ; blades 
(between the above limits) will vary approximately aa the square of the distance 
of the element from the shaft line. In high speed vessels, when the water to**- 
20 auree are great, cavitation first commences near the tips of the blades (as 1 nave, 
proved experimentally) and extends towards the roots of the blades as the speed. 
or alip ratio of the propeller is increased. - . ~ 

The first part of my invention consists in reducing the cavitation which, takes 
place at ths back faces, of the propeller blades near their tips by forming the 
25 blades, with a reduced pitch near their tips. _ _ . 

Where the pitoh of the blades has been thus reduced toward* the tips, I have 
found by experiment .that cavitation is much reduced, and the efficiency is im- 
proved. Theoretically it would appear that this variation should be such that 
the slip ratio at any given distance from the shaft should be inverse in propor- 
30 tion to the square of that distance, and that with such a propeller of graduated , 
pitch, ratio, under these conditions, cavitation would commence over a large 
area of the blades simultaneously, and that a greater mean slip ratio and thrust 
would be permissible, without producing cavitation. This conclusion I have 
confirmed by experiment. 
-337 — la carrying this part of my invention into effect, according to one modifica- 
tion, I therefore form audi fast running propellers with a reducing pitch,, tha 
reduction commencing at about one JiaH to two-thirds outwards from the boss 
or blade root, and increasing to about a 10 per tent, reduction of pitoh at the 
blade tips. 

40 The second part of my invention relates to the cavitation which, alluded to 
above, is found to take place around the cone abaft the propeller. This cavita- 
tion is due to the rotational velocity-imparted to the water in the vicinity of the 
- boas, by the normal action of the blades, and also their skin and eddy friction 
in the water, which, rotational velocity increases rapidly as the water tends to 

45 close in around the after cone on the principle In hydro-dynamics, that the 
angular momentum tendrf to remain constant in a vortex. The angular velo- 
city of the water around the cone, is therefore much in excess of that of the pro- 
peller cone itself. 
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The second part of my invention consists in providing email ™I*. a ° tt *I °* 
peSe? eS^ d a& te y pxe^ cavit^ou -J^^-J ££$£1% 
propnleion some of the, rotational energy of the watoi close w t . , 

JS^rf iiaraUerto the shaft, and having their enter edges practically parallel 10 
Sft. cenSelSe the shaft, they largefv reduce or entirely proven ca^xon. 
round the after cone. The advantages of the vanes are two-fold: (1) *o»e of 
Sa anrular momentum of the water that would otherwise be lost is imparted 
SrXhthe van™ tothe shaft and assists its rotation; (3 the angular «W, .. 
ShSS column beiig much- diminished, the water closes in more eaady and 1ft 
passes on the cone abaft the propeller boss, thus imparting an additional for, 
ward thrust to the shaft. 

Datod this 28th day of May, 1900. 

HARKS & CLEBK 
18, Southampton Buildings, London,- "W.O. 20 
13, Temple Street, Birmingham, and 
25, Cross Street, Manchester. Agents. 
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COMPLETE SPECIFICATION. 
Improvements in and relating: to Screw Propellers 

I The Honourable Cmuiles Axgebnon Parsons. Engineer, of Heaton Works, 2ft 
Newcastle-on-Tyne, in the County of Northumberland, do hereby declare thn 
nature of this invention and in what manner the same ie to be performed, to be 
particularly described and ascertained in and by the following statement:— 

My invention relates to screw propellers for fast ships,- especially to those for 
usfwhere the shaft revolves witlf high angular velocity. I And hy e^erimcnt. 30 
that the cavitation which attends high speed pro-pellers arises principally in two 
places, namely, at the back faces of the blades near the tipB, and around the 
conical tip of the propeller boss behind the blades. 

The object of my invention is to remove or reduce such cavitation. 

According to the experiments of Dines and others, it has been established that 35 
the normal pressure on a plane moved at small inclinations through aur or water, 
varies approximately as the angle of inclination and the square of the yelocuy 
of motion. ' Now in a screw propeller of the usual pitch ratio, say from 1 to 1.5 
pitoh co-efficient, the angle of inclination of the blade to the direction of motion 
through the water is approximately the same for such distances from the abaft 40 
line as lie outside about two fifths of the radius of the propeller circle; while 
the velocity of theBe points through the water varies approximately as the dis- 
tance from the shaft, Prom thiB it follows that the pressure- upon the water of 
any element of the blades (between the above limits) will vary approximately 
as the square of the distance of the element from the shaft line. In high speed 45 
vessels, when the water pressures are great, cavitation first commences near the 
tips of the blades (as I have proved experimentally), and extends towards the . 
roots of the blades as the speed or Blip ratio of the propeller is increased. 

The cavitation which is found to take place around the conical end of the boss 
abaft the propeller- is due to the rotational velocity imparted to the water in *>0 
the vicinity of the boss, bv the normal action of the blades and also by their 
skin and eddy friction on fta water, which rotational velocity increases rapidly 
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ParWe Improvement* in and relating to Screw ProptlUr*. 

as the water tends to close in around the after cone, follow^ the P^P^£ 

excess of that of the propeller cone lleolf. , - 1t ^.v... j ace at 

5. My invention consists nrstly in reducing £be ^Jfi ^wi£ 
thfback faces of the propeller blades near the tips by forming the blades wita 

* S£t5^f^t?^tS« consists in providing small vanes on the 
propdleTX ,dap& toV™* citation around the cone and * **^ c *£ 

10 ^pulsion some of the rotational energy of the water close to the propeller cone 
which is lost with the type of propellers in ordinary use- . ta „ 
Tb obtain a high mean slip ratio and thrust, without producing «««7 8 ..^* a " 
tion has been the object of many inventors, but their efforts to effect this end 
have fctheS? W made amon/other things in. the dfceotion rf»J»|te 

16 pitch of the blades towards their pwnts. I have . Mce ^ e * liJcn 
effect is produced by forming fast running propellers wifc a wduemg pitch 
towards their tips the reduction commencing about one half to two thirds , «■*- 
. wjardYlrom the boss of Wade root; such reduction of pitch increasing to about 
a tea ver cent, reduction at the Made tips. - , 

20 SeSeticallV also it would appeal— first: -that this variation of pitch should 
be such that Ue slip ratio ataVy given distance from the shaft, should be an 
iverse proportion to P the square oi tlai distance; second: that cavitaUoawould 
commence simultaneously over a large area of propeller blade, thus constructed , 
• SK^rsnch propellers could be run faster without producing cavitation, 

as while at the same time effecting a greater mean slip ratio and thrust than would 
be poasibt with propellers constructed with blades of constant, or ^creasing 
pitch towards thai? points. I have confirmed this by experiments on propellers 
constructed according to my invention which is based on this theory. 

In order to elearlv explain the difference between a* ordinary propeller and 

30 one constructed according to my invention, I have appended two sheets of draw- 
ings in which,. 




C- V- AS- AJ' tit- JH. «W% »~w»r— — j» — v w 

8.i variation of this propeller is also shewn in Figure 2. ,. 

Figures 3 and 4 are elevation and plan respectively, of my new construction 
of propeller with reduced pitch; the plan shewing blade sections g, *»;» *» «• 
anTft? on the lines G.G. H.H. J.JT ILK. M.M. and N.N., respectively of 
Figure 3. A. diagram of the pitch variation of my propeller is also shewn in 
40 Figure 4, for comparison with that shewn in Figure 2. 

Figures 5 and 6 are elevation and plan of a propeller provided with ▼ones. 
Figure 7 is a section through A, A. of Figure 5 drawn to an enlarged scale. 
The first part of my invention is illustrated by Figures 1 to 4 inclusive. 
In" the propellers illustrated in Figures 1 and 2, the angle of inclination ot 
45 the blade from section e e outward to the tip of the blade is approximately 
oonstant; while the pitch of the blade increases continuously from e e out to the 
tip, but is constant from c c inward to the root section ff. A diegram repre- 
senting the pitch variation of the propeller seen in Figure 2 may be obtained 
in this manner: — Along the horizontal axis of the propeller from its »nter- 
50 section with .the vertical Made axis, set off a distance p equal to one fourth of 
the pitch of the blade at the root section //, and erect here a perpendicular line. 
Get off along this perpendicular line a distance P 1 , equal to the radius of the 
root seotion Now, since the pitch of the blade does not vary at the three 

' sections ee, dd and distances P. 2., P. 3., and P. 4., corresponding respeo- 
fi5 tively to the radii «f these sections, may he set off along this perpendicular line. 
The pitch of the blade increases, however, from section cc outward: set off, 
theref ore, distances q and r to represent one fourth of the pitch of the sections 6 5 
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Ending res^wA the ra& of wta< » «« ^'JS^^J^ of ihe 
fhrough iho point? X, 2, 3,. 4, 5 and Q wiU > W**L 7T & e intersection of the 
wopener blaSe; while a line from each po.mt drawn . to W a^, and CO nB(s 

quently the inclination of each, blatLe " ^" ti ° ofe motion a* each.. 

Sons /• and 6 & have the Same mcWion to the tewWn osmo . 
other, and that the inclination of wtion * « W g« *" ^ v ^ tiQn and 
Beferring now to the propeller ^"wH ^co«Ung to iny 

Si of the various sections, points 7 8,8, 10, 11 «»dl2»» S Sonelto As 20 

ofi the horiwmtal ?ad ver^cal axesof the £°PW &™ LfelS that propellers 
virion Wade sections to the direction of motion I nave *ouna » i 
■ constructed as jus* described, with reference to tfiguree 3 and 4 can bej w» ^" 
ThlS ap^d 1 without the production of cavitation and with a higher- mean ,2., . 
slip ratio and thxuefc than has hitfierto been, possible, illustrated bv 

' in carrying the second part of my invention wito effect " j£ . 

1W^«vn« fi fi and 7 I provide small vanes v, v on tlie cone * of the propeller 

angle thereto, with a pitch «f the same or opposite hand to 

In mv exDeriments I have found that when three vanes ere provided on ttia 
JLe Ud setTwaUel to the shaft as illustrated, with their outer edges praott- 

Sifi r^e. centre line of the shaft, the .cavitation produced 
con? J at a given epeed is largely , reduced, or entirely P«vented. As herem- 
hXre axpkined, thi angulav velocity of the water around the cone * maL i* *>> 
SSsa of thafof the propeller cone itself, but vanes such as those just descrihed 
retard tne water Ja' around the cone, with two WW resulte; firstly, • 
some of the angular momentum of the water vortex that would other-ww e be 
lost is imparted to the vanes and consequently assists in rotating tlie suatt, 
and secondfyTowing to ?he diminution of the angular velocity of *e «*ter round 40 
the shaft, tie water more easily closes in and presses on tiie cone abaft the pre 
ptLr hoss, thui, imparting an additional forward thrust to the shaft 

Having now particularly described and ascertained the nature of ' my said 
invention and in what manner the same ia to be performed, I declare tixet what 



I claim is. 

1 A screw propeMer provided with, blades constructed with d reduced pitch, 
towards their tips the reduction commencing from about one half to two thirds 
outward from the blade roots, substantially as described. 

2- A screw- propeller fitted with vanes behind tho blade^ &s m set fortb. 

Dated this 17th day ol Januaiy 1901. ^ Ainve% e OTTmTr " A0 

18, Southampton Buildings, London, W.C. 
13, Temple Street, Birffun^ham, and 
Cross Street Manchester. Agents. 

' " Jlddliillr Trintcd fop Kb Majesty's Stationcrjr' Cfffios, by Bdulcomapa & Co., 
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PARSONS' CoMPiiOTB SraolwoASttoy. — — sbect i. 



